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We improved our coupled thermo-hydro-mechanical-chemical (THMC) simulator by adopting the
dual porosity model to predict the long-term permeability change of the fractured rocks. The model
evaluates influence of the geochemical reaction on the evolution of the permeability in fractured rock.
Pressure solution that may occur both at grain contacts and the contacting asperities within fractures was
incorporated in the model. By using the developed THMC numerical model, long-term prediction of
rock permeability under simulated subsurface environments near the radioactive waste repository was
conducted. As a result of analysis, the permeability decreased by two orders of magnitude smaller than
the initial value due to the pressure solution contacting asperities within fractures in the EDZ area. When
carrying out radioactive waste disposal, the pressure solution within the fractures may have the effect on

minimizing the increasing of the permeability in EDZ area.
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Fig.1 THMC interactions considered in the developed model.
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Fig.2 Calculation flow.

Fig.3 Concept of dual porosity theory.
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Fig.10 Measurement point
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Fig.11 The permeability changes with time at measurement
points in No PS and various PS conditions
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Fig.12 The permeability changes with time at measurement
Points1 with different values for a= 0.07, 0.12, 0.17 used
in Eq.(43).

AL &R L7z, BT B e g R 112 Pointl
%, AN OZEREER DS 6.10m B 7= Hi S IZ Point2
EERE L. F, BAFEHMAN i) 1B 2
JE IV & ASERERIN (R B AlEs) (2B A E
EREDZNENDEBEEZEET HT-D, EDZ TOEARE
B & AREFE (2 FS T D E MO CEAKMEE R
U7, &ZERR CAAEES, AEkim) TOEIE
RO T, B (Pointl) (Z381F 5 B8R DFRIFLE
{bZ Bl L= 6 O % Fig 11 12779, EDZ Tl Eib & 4k
AR SR D IE IR A B R LI5S (K, PS
(Matrix & Fracture)) 1%, FIHIREEN DK 18 - TH 2
F— 2 —FREFBERIMET L, Point2 TEUN S - fds
HoEiEm=zR (K, PS (Intact rock) & [F%EDE E TIK

FTLTWAZ ERbnd. £77, 1I8ELBRIL, FBiEERD
RTEENKE AL, #PTBRLEH 1000 4% TITHE
XML AF T, 18 FRFROFBREOMEN S 40 %
(4.0x10"°m?) BEMRTF LTS Z L RHRTE S, —
77, BAFERRT DENEMROAREBE LIS E (X
Wi, PS (Only Matrix)) 1%, fEHTBR4AAS 1000 R T,
WIHREED 557 40 % (4.0x10m?) BERK FLTWAE
FTHB. oMb, EDZ IZBIT B EERREND
I4EMTOR2 A — & —FRE OB RIE T Ia 6 i
R BT D IENERICER L TR Y, TDH%OIE
TR T MIEL O 3F KPR T 283 A A FEE N kL
TR BT D ENERRICER L TWD 2 & AR
T3, 2%, EOFERNS EDZ TOHBKMEL
VIR I B A I 5 V) D JE SRR S B R A
BIET N THRTE S,

b) RTARNI) T RET 4

AF TN, AR AR R 2 E SR M (2 B
BB TA—2ThHhoHA 47) FHOEEK a DEEE{L
S, AR OGEKEEICE X DHEBEERFT 5.
NT A —H a OfEIE, B— R e A9 58 A
HEDT TAXAEREFHIL, TOKHRE S &I Figs ©
B 22 R O B A IE & F ok sk o BRR 2 el
HZLETRDDZENEKD. ABFFETIE, Lo
FHHEERL TRLT, NI A—F alZRMETHID
T, 4ElE, Yasuhara and Elsworth™ THW STV
adfE (a=0.07) 2L, ZDa=007 LZFDEEHE
WM& a=0.12,0.17 D3 8% — 2 TH# 2179 .
EDZ THLT-HEfRHES & Al m AR I 35T 5 I 1 E R
EBLIESMETTC, FEEO3IREZ—0TRTA—H a
Z 2L ST BA OB A Point] 1I2381) 5 1B 1E R DR
At % Fig 12 (TR T, [N 6 3 88—t b, Fikow
D, AER BRI I D E IR O B X o TH)
HWERRE S50 2 A — X —RREFBBENMET L2k, EF
WEWRIBIZEAHMZ R LTS, 3 ¥ — b b
EERIREIZIZIE S LA, 9 XA —F a DR KX
K RBIFE, EHEIREBICED £ TOBHERDOBAHE N
EFTAHEANRHLNATHS. a=0.07 & a=0.17 D
ArRT D E, EFIREICED £ TS RFRER
a=0.17 O3 30 FRE DB L WD Z LR T
B, TNDHORERD D, ABEGE BRI C O IR
X DB WBOWA BT, A B 1 g & sk
RIS RTFT D Z E DL TH Y, A rkai
DFRMEEAC BRI TR T DL, RNTA—F a Dffi
DOFENHEEE L7225 Z EHNHB L.

5 BbhUlIc

ARFFECTIE, iFHEARES & 4l s sl i e 1
LENRMBG 2 LB T D 2 & TEmERR L Alkm
OMFEIRIZ I T 2 ML FEERIC L 2 B 0B KL
% M AT AE 7281 72 72 THMC B AEATE 7 L2 B % LT,
£7, BR LT T L2 HWT, GBSy e
A3 AT OO T a0 i K FEE AL 0 R 12K B 1 I AR
WEIToT=. RIFIECTEIET DIEIEREON, &0 LR
& ARG BT D O DESEMRRS O B oA %
WCOWTHENTS R 2 i U, BRI (b~ EE &
FEAMG U7 MEATRE SR D, ERRERIE ISR D ESIVE
OB LY, EDZ IZBWTHEI%K 20 £LINICE
ARPE DML O S R & (715 O £ IR T D 1A SRR
Ehiz. 2%V, EDZ O X5 7Ipa £l Rk o
FL70 228055 & FE ORI T, B ER L 0 R I
B DIE RGO I B OFEKEEL KB
MR KT LN L.



EHEE 23T D B Mg & R sl o BfR %
EAET 2R (47) o afiDofREEZESE, ELEE
OFBRMERFECIC KT T HEEBE L. TORE,
LA OFB RO ZEEIL, T A —F affiic ko
TRELELASINTWD Z ENHIAL 7=, REfimics
BB AKMEAR FERENE, e B DR & Bl O BIfR
PEICHRSARTE T2 2 LA E 20, EHRB AR
FHT AT, ZNOOMEEYICRET S ENEE
ThdIEIPERINT.

Z2 E X #

1) Tsang. Y, “Effects of coupled processes on a proposed high-level
radioactive waste repository at Yucca Mountain”, Nevada.
GEOLOGICAL SOCIETY OF AMERICA MEMOIRS, Vol .209:

pp-363-393 (2012).

2) Rutqvist. J, Wu. Y-s, Tsang. C-F, G. Bodvasson., “A modeling
approach for analysis of coupled multiphase fluid flow, heat transfer,
and deformation in fractured porous rock”, International Journal of
Rock Mechanics & Mining Science, Vol .39, pp.429-42 (2002).

3) Nasir. O, Fall. M, Evgin. E, “A simulator for modeling of porosity
and permeability changes in near field sedimentary host rocks for
nuclear waste under climate changes influences”, Tunnel and
Underground Space Technology, Vol .42, pp.122-135 (2014).

4) Fall. M, Nasir. O, and Nguyen, T. S, “A coupled
hydro-mechanical model for simulation of gas migration in
host sedimentary rocks for waste repositories”, Engineering
Geology, Vol.176, pp. 24-44 (2014).

5) Zhang. R, Yin. X, Winterfeld. PH, Wu. Y-S, “A fully coupled
thermal-hydrological-chemical model for CO2  geological
sequestration”, Journal of Natural Gas Science and engineering,
Vol .28, pp. 280-304 (2016).

6) Liu. Y, Ma. L, Ke. D, Cao. S, Xie. J , Zhao. X, Chen. L, Zhang. P,
“Design and validation of the THMC China-Mock-Up test on buffer
material for HLW disposal”, Journal of Rock Mechanics and
Geotechnical Engineering, Vol.6, pp. 119-125 (2014).

7) Danko. G, Bahrami. D, “A New T-H-M-C Model Development for
Discrete-Fracture EGS studies”, Geothermal Resources Council
Transactions, Vol.36: 383-392(2012). «

8) Lasaga. A.C, “Chemical Kinetics of Water-Rock Interactions”,
Journal of Geophysical Research, Vol. 89, pp.4009-4025(1984).

9) Liu. Y, Ma. L, Ke.D, Cao.S, XieJ, Zhao.X, Chen. L., Zhang.P,
“Design and validation of the THMC China-Mock-Up test on buffer
material for HLW disposal”, Journal of Rock Mechanics and
Geotechnical Engineering, Vol. 6, pp. 119-125 (2014).

10) Elias. B. P, and Hajash. A, Change in quartz solubility and porosity
change due to effective stress: An experimental investigation of

pressure solution, Geology, Vol. 20, pp. 451-454 (1992).

11) Polak. A, Elsworth. D, Yasuhara. H, Grade. A, Halleck. P,
“Permeability reduction of a natural fracture under net dissolution by
hydrothermal fluids”, Journal of Geophysical Research, Lett., Vol. 30,
2020, doi:10.1029/2003GL017575(2003).

12) Polak. A, Elsworth. D, Liu. J, Grader. A.S, “Sponta-neous
switching of permeability changes in a limestone fracture with net
dissolution”, Water Resources Research, Vol.40, WO03502,
doi:10.1029/2003WR002717 (2004).

13) Yasuhara. H., Elsworth. D and Polak. A, “A mechanistic model for
compaction of granular aggregates moderated by pressure solution”,
Journal of Geophysical Research, Vol. 108, No. BI1, 2530,
doi:10.1029/2003JB002536, 2003.

14) Yasuhara. H, Kinoshita. N, Ogata. S, Cheon. DS, ‘Coupled
thermal-hydro-mechanical-chemical modeling by incorporating
pressure solution for estimating the evolution of rock permeability,
International Journal of Rock Mechanics & Mining Science, Vol.86,
pp-104-114(2016).

15) Yasuhara H, Elsworth D, Polak A. Evolution of permeability in a
natural fracture: the significant role of pressure solution. Journal of
Geophysical Research , 109 (B3) (2004).

16) Yasuhara. H, Kinoshita. N, Ohfuji. H, Lee. DS, Nakashima. S,
Kishida. K, “Temporal alteration of fracture permeability in granite
under hydrothermal conditions and its interpretation by coupled
chemo-mechanical model”, Applied Geochemisry, Vol.26,
pp-2074-2088 (2011).

17) Yasuhara. H, Elsworth. D, “A numerical model simulating reactive
transport and evolution of fracture permeability”, Internatonal Jour
nal for Numerical and Analytical Metods in Geomechanics, Vol.30:
pp-1039-1062 (2006).

18) Barenblatt. G.I, Zheltov. I.P and Kochina. LN, “Basic concepts in the
theory of seepage of homogeneous liquids in fissured rocks”, Journal
of Applied Mathematical Mechanics, Vol24, No.5,
pp-1286-1303(1960).

19) COMSOL2014 COMSOL MULTIPHYSICS. Version 5.0,
Available from www.comsol.com.

20) Bear. J, “Dynamics of Fluids in Porous Media”, p.166, Dover
Publications, Inc., 1972.

21) Japan Nuclear Cycle Development Institute, “Second Progress
Report on Research and Development for the Geological Disposal of
HLW in Japan, Supporting Report 2 Repository Design and
Engineering Technology, H12: Project to Establish the Scientific and
Technical Basis for HLW Disposal in Japan”, JNC TN1410
2000-003, IV-139-IV-160 (2000).

22) Suzuki. H, Nakama. S, Fujita. T, Imai. H, Sazarshi. M., “A long-term
THMC assessment on the geochemical behavior of the bentonite
buffer”, Journal of Nuclear Fuel Cycle and Environment Vol.19,
pp-39-50 (2012).

23) Miyazawa. D, Sanada. H, Kiyama. T, Sugita. Y, Ishijima. Y,
“Poroelastic coefficients for siliceous rocks distributed in the
Horonobe area, Hokkaido, Japan”, J MMI, Vol.127,
pp-132-138(2011).

24) Kamei. G, Honda A, Mihara. M, Oda. C, Murakami. H, Masuda. K,
Yamaguchi. K, Matsuda. S, Ichige. S, Takahashi. K, Meguro. Y,
Yamaguchi. H, Sakakibara. T, Sasaki. T, “Research and development
for treatment and disposal technologies of TRU waste JFY 2007
annual report”, JAEA-research Vol. 082, pp.1-84.J (2008).

25) Minato K (ed.), “JAEA R&D review 2013"ISSN 2188-1456 .

26) E. Hoek, P. K. Kaiser and W. F. Bawden, SUPPORT
UNDERGROUND EXCAVATION IN HARD ROCK, pp.1-235
(1993).



